Background
Sex and gender based medicine (SGBM) is the science of similarities and differences in the human biology of men and women, both in health and disease. This field has its roots in the women's health movement but has gone further to consider the biology and pathophysiology of disease as well as the sociocultural influences for both women and men. A primary impetus for the emergence of SGBM was the increasing awareness that research conducted with white males might not apply to women or other ethnic groups [1, 2] . As a result, the 1993 National Institutes of Health (NIH) Revitalization Act mandated that researchers include both women and minorities in clinical research [3] . Though studies now include women, differences in outcomes are not consistently assessed or reported by sex, making it difficult to know how, or if, related recommendations can or should be applied to either sex.
A 2001 Institute of Medicine (IOM) report emphasized that sex-based differences were due to more than hormonal differences and that "every cell has a sex" [2] . Subsequently, both the Federal Drug Administration (FDA) and NIH have expanded requirements that both vertebrate and human research include males and females and that collective data should be analyzed by sex as an independent variable. In addition, the sex of isolated or cultured cells should be identified. The report also clarified the terminology "sex" and "gender." In broad terms, sex is a biological construct where living things are characterized as male or female according to chromosomal complement and reproductive organs [4] . Gender refers to a person's self-representation and behaviors as man or woman within the context of social structure and culture [5, 6] . Sex and gender are interrelated in terms of health and illness, such that one's social environment and behaviors, both of which are gendered, influence one's biology. For example, both men and women with acute coronary syndrome (ACS) often present with chest pain but their descriptions of pain and associated symptoms may vary, demonstrating sex differences in the pathophysiology of ACS and gender variations in reporting [7, 8] . Both variables must be considered in research as well as in medical education and practice.
Despite progress in women's health research, the IOM report indicated that significant gaps remained in the application of research findings to improve patient care [2] . Applying the findings from research conducted in men to the clinical care of women has contributed to gender disparities in healthcare [9, 10] . These disparities result from biological differences in etiology and presentation of disease, differences in pharmacokinetics leading to ineffective treatment or drug toxicity, or conscious or unconscious gender bias in the physician-patient interaction [11] [12] [13] .
These gaps demonstrate the need for additional research but also the need for the inclusion of sex and gender based medical concepts in all levels of health professional curricula. The majority of US medical schools do not have a formal sex and gender specific integrated medical curriculum [14] . Therefore, educational reform will be a key factor in shifting this paradigm. Topics included under the rubric of "women's health" or "men's health" can no longer be limited to reproductive issues or only those conditions that can be observed in a single sex, e.g., prostate cancer. Rather, SGBM in medical education must include a discussion of similarities and differences between sexes and genders in the etiology, risk factors, prevention, presentation, and response to treatment for all health conditions. It is within this context that the Sex and Gender Medical Education Summit was planned.
Methods

Conference planning
In 2012, a 2 day workshop was convened at the Mayo Clinic with leaders from 13 medical and public health institutions, governmental agencies, and the Canadian Institute of Health and Gender (Table 1) to discuss the need for integrating SGBM into medical education and training, as well as to develop implementation strategies to bring about this change. Recommendations from the workshop addressed institutional engagement and the need to provide teaching materials that could readily be integrated into established curricula [15] .
In 2014, the American Medical Women's Association (AMWA) and the Laura W. Bush Institute for Women's Health (LWBIWH) convened a planning group (Table 2) to develop a Sex and Gender Medical Education (SGME) Summit for the purpose of increasing SGBM education on a national scale and ensuring that the next generation of physicians would be competent in this field. Leaders from medical school institutions and professional associations were invited to join a senior advisory committee (Table 3) to provide input on the Summit program. Initial objectives for the Summit were to (a) review the current climate of sex and gender education in medical schools, (b) provide curricular resources for schools of medicine, (c) align SGBM with required Liaison Committee on Medical Education (LCME) Accreditation Standards, and (d) identify present and future needs in closing these gaps in medical education. Mayo Clinic was chosen as the host site and CME provider, with the AMWA, the LWBIWH, and the Society for Women's Health Research (SWHR) as joint providers.
Medical schools and osteopathic schools in the USA and Canada were invited to send a representative to the Summit. Engagement occurred through a combination of email invitations, letters, phone calls, announcements through the Association of American Medical Colleges (AAMC), and grassroots efforts. To encourage participation, educational grants were provided to cover registration and lodging for one designated representative from each participating institution. An effort was made to recruit key faculty who would be instrumental in developing, implementing, and assessing outcomes of medical curricula at their institutions.
The SGME Summit
The 1 1/2 day program included a keynote address, ten educational sessions, two panel discussions, a poster session, and two concurrent workshops ( Table 4 ). The Summit faculty included nationally renowned SGBM experts as well as leaders in medical education and curriculum development ( Table 5 ). The panel discussions, with representatives from the U.S. and international institutions, highlighted the different methodologies and models for integrating SGBM content into medical education, for example, a fully integrated curriculum or adoption of a module that students could complete online. The poster sessions allowed individuals to display and discuss their work with other attendees. The workshops considered two topics-utilization of SGBM resources in medical schools and SGBM student competencies. Attendees selected which workshop they wanted to attend. In conjunction with a facilitator, they discussed the topic and developed consensus points for each group which were reported back to the larger group. Pre-and post-tests were disseminated electronically to document attendees' experience and knowledge in SGBM.
Post-Summit work
Following the Summit, a toolkit and detailed summary proceedings were disseminated electronically and in print to all attendees, participating institutions, supporting organizations, national medical associations, and individuals in other networks. A work group was convened to develop a set of sex and gender medical student competencies. Follow-up surveys were developed to assess the impact of the Summit on the advancement of SGBM within medical education curricula.
Results
Attendees
Attendees (n = 148: 119 females, 29 males) represented the spectrum of health and research credentials (Table 6 ). Participants' familiarity with the topic of sex and gender differences in health and diseases increased from 81 % in the pre-test to 93 % in the post-test (strongly agree/agree). When asked if they believed the FDA should consider recommending dosages based on the sex of the patient, 69 % of the participants agreed (strongly agree/agree) on the pre-test and 97 % agreed (strongly agree/agree) on the post-test, an increase of 28 %. One of the most dramatic attitudinal shifts was in participants' response to the statement "Sex and gender based medicine is a fundamental aspect of precision medicine." Forty percent of the respondents strongly agreed in the pre-test, while 81 % strongly agreed on the post-test, an increase of 41 % (Table 7 ) [16] .
Workshop outcomes
Concurrent workshops were conducted in an effort to establish the framework necessary for the successful creation of national medical student competencies in SGBM. Workshop A, "Utilization of SGBM Resources in U.S. Medical Schools: Overcoming Barriers to Achieve Action," focused on participants' input regarding experiences at their corresponding institutions with novel curricular integration and implementation. The participants were given pre-work assignments which included questions regarding each individual's experiences with initiating educational projects at their own institution and recommended strategies for incorporating SGBM. Although no formal consensus building process was utilized, the workshops provided a framework for discussion. The ensuing discussion resulted in three common themes: (1) participants felt strongly that SGBM material should be presented as a longitudinal curriculum thread woven into existing educational materials, (2) faculty development was necessary along with a multifaceted approach for integrating SGBM into existing educational materials, and (3) developing an advisory committee comprised of medical school curriculum experts to oversee the process was integral to success. Workshop B, "Creating SGBM Student Competencies in Alignment with the Association of American Medical Colleges (AAMC)," included discussions of how best to approach development of a set of competencies in SGBM. Pre-work assignments were comprised of questions to facilitate approaches to generating SGBM competencies and strategies for their formulation. The discussion revealed broad consensus that SGBM curricula should encompass all health conditions, include both basic and clinical sciences, and utilize existing curricular components in women's health, emergency medicine, and lesbian, gay, bisexual, transgender (LGBT) competencies because these have already been defined and overlap with concepts of sex and gender in a breadth of body systems. Engaging stakeholders such as students and faculty would be essential to attaining sustainable integration.
Conclusions from each workshop were then presented to the larger group. SGBM curricular integration, application, and synthesis must generate measurable objectives; therefore, ongoing evaluation strategies are necessary. The participants suggested using a theoretical framework to assess competency such as Miller's pyramid (knows, knows how, shows how, and does) to cover multiple competency levels and monitor the progressive achievement of measurable milestones. Workshop logistics, clear definitions and terminology, approaches to competency development, and a table outlining overall implementation strategies are presented and further discussed in an accompanying manuscript "Utilization of Sex and Gender Based Medical Education Resources and Creating Student Competencies: A Summit Workshop Summary" [17] .
Participant response to the Summit
The Summit participants were asked "Has this conference changed your opinion of the importance of sex and gender-specific health?" On the post-test, 61 % of the participants responded "Yes," 22 % responded "Somewhat," and 17 % responded "No." This indicates that the Summit had an impact on the views of the vast majority of attendees. Table 8 includes participants' comments that demonstrate the impact and the role of the Summit in serving as a call to action. Several participants outlined concrete plans for advancing SGBM in their medical school's curriculum. Medical student 10
(n = 148, female = 119, male = 29). Note: Some participants had dual degrees Table 8 Comments from SGME participants
Comments from participants "I will develop a proposal for our curriculum committee that we include sex and gender-specific material in all our courses and clerkships…I will also request that student assessments include items about sex-and gender-based differences."
"I plan to meet with individual course coordinators to review what sex-and gender-specific health topics are currently included in each course and discuss how additional sex-and gender-specific health topics can be integrated within each course. The resources that were made available to summit participants are outstanding, and they will facilitate the promotion of additional curricular emphasis of this area."
"We will be presenting information learned from the meeting to the next Dean's Circle and including some of the fast facts in all of our women's health lectures." "I will be meeting with the Associate Deans of Clinical Sciences and Basic Sciences to discuss suggestions of integrating sex and gender slides and information through specific content lectures."
Recurring themes
Throughout the Summit, there appeared to be several recurring themes. The three that stand out as central to success were (1) overcoming preconceived notions about sex and gender, (2) the need for time and resources, and (3) increasing awareness. In order to successfully implement meaningful curricular change, the administration, faculty, and learners must overcome longstanding conscious and unconscious bias about SGBM issues. Sex as a biological variable cannot be overlooked as it influences all aspects of health. While the spectrum of Lesbian, Gay, Bisexual, Transgender, Queer, Intersex, Asexual (LGBTQIA) health is an integral part of the dialogue, SGBM represents a much broader umbrella that encompasses a genderbased approach to all aspects of individualized care.
Medical education institutions and faculty face limitations of curricular time and resources. They would find it helpful to utilize existing content such as the Texas Tech University Health Sciences Center PubMed Search Tool and Slide Library, as well as other tools available at sites such as the Sex and Gender Women's Health Collaborative (http://www.sgwhc.org). Time issues are compounded by the limited curricular space available for incorporating new content and the complexities of "curricular reform." Threading SGBM concepts throughout current curricula might be a more effective and pragmatic approach, as demonstrated by the successful program at Charité Hospital in Germany [18] .
Increasing SGBM awareness involves engaging all stakeholders: health professions' school leadership, researchers, instructors, learners, and the public. This approach has been implemented at the Alpert Medical School of Brown University's Sex and Gender in Emergency Medicine Division. This program has focused on "advanced care through person specific education and advocacy" and has used public service posters to prepare patients for a personalized emergency department experience.
Ultimately, all of these issues require a faculty champion or "change agent" who can drive curricular integration and serve as a resource. It is imperative to support these individuals' training by sponsoring attendance at national conferences where they can gain content knowledge and establish a network of like-minded individuals. John Kotter's "8-Step Process for Leading Change" [19] can be adapted and serve as a useful guide: 
Discussion
The impact and scope of SGBM on patient care needs to be recognized and understood in order to have sex and gender based medicine more widely adopted into health profession education. Recognizing and understanding these concepts provides a foundation for developing practical approaches to incorporate SGBM information throughout existing curricula. The SGME Summit was planned with the goals of increasing participants' awareness of the current level of knowledge regarding sex and gender differences, identifying areas where additional research is needed, highlighting gaps in medical education, providing educational resources to assist with the integration of sex and gender evidence into medical school curricula, promoting sex and gender networks, and advocating for this change. Discussions about existing curricula and teaching materials, in particular, provided practical examples of how and where this material could be included in both didactic and clinical activities. Results showed that participants perceived the Summit as valuable, both in increasing their understanding of SGBM and in providing them with resources to integrate SGBM into medical education at their respective institutions. Critical to implementing curricular change is recognizing potential obstacles that would slow the process. LCME accreditation standards may be perceived as an obstacle. However, incorporating SGBM content into curricula can actually fulfill LCME requirements which may facilitate its adoption by medical schools. Other obstacles identified during the Summit included how to engage faculty and medical school and curricular leadership. The ultimate goal of the Summit is to encourage and facilitate adoption of dedicated SGBM education curricula into all medical schools within the next 5 years.
Conclusion
The 2015 SGME Summit represents a first of its kind event, focused on sex and gender evidence integration in medical school education. Building upon a foundational premise of quality curricular development, the Summit program included national leaders in medical education working side by side with academic clinicians, educators, and researchers, bringing an evidence-based approach to SGME. The pre-and post-surveys confirmed that attendees were positively impacted and their knowledge, attitudes, and awareness altered by this educational experience. It would be shortsighted to believe that this educational event was enough to ensure that sex and gender evidence will be integrated throughout US medical schools. Much work remains, but the models presented during the Summit, including those that thread sex and gender into existing curricula, as well as providing model educational resources, will help advance this initiative. In addition, we will continue to work with accreditation and health professional licensure entities, student and faculty professional organizations, SGME Summit attendees, deans, and sponsors. Future efforts will also include engaging with interprofessional education efforts to launch SGBM across academic health sciences centers.
